ZPA Flank Evaluation Using Spherical Stylus  by Albu, Sorin Cristian & Pozdîrcă, Alexandru
 Procedia Technology  22 ( 2016 )  20 – 27 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2016.01.004 
WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
=3$)ODQN(YDOXDWLRQ8VLQJ6SKHULFDO6W\OXV
6RULQ&ULVWLDQ$OEXD$OH[DQGUX3R]GvUFăD
D'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJDQG0DQDJHPHQW³3HWUX0DLRU´8QLYHUVLW\RI7vUJX0XUHú
6WU1LFRODH,RUJD1U7vUJX0XUHú5RPkQLD
$EVWUDFW
7KHDUWLFOHSUHVHQWVDVROXWLRQWRFRQWUROZRUPVIODQN=3$XVLQJVW\OXVZLWKVSKHULFDOWRSRQDFRRUGLQDWHPHDVXULQJPDFKLQHV
7KHPHWKRGDOORZVHYDOXDWLRQD[LDOSURILOHGHYLDWLRQRIWKH=3$ZRUPVWRQRPLQDOSURILOH:HFRQVLGHU;D[LVRIV\PPHWU\RID
=3$ZRUPDQG;<LWVD[LDOSODQ$FRQWUROVSKHUHKDVLWVFHQWHULQWKH;<SODQHFKRVHQ,WLVQHFHVVDU\WRLPSRVHVKDUH<FHQWHU
RI WKHVSKHUH ,W UHTXLUHVGHWHUPLQLQJ WKH;FRRUGLQDWHRI WKHFHQWHUVSKHUH WRVSKHUH LV WDQJHQW WR WKHZRUPV IODQN=3$7KH
FRQWDFWEHWZHHQWKHVSKHUHDQG WKHKHOLFDOVXUIDFHRI IODQN=3$ZRUPVLVDSRLQWZKLFKJHQHUDOO\QRWEHORQJ;<D[LDOSODQH
FKRVHQ8VLQJ WKHPHWKRG RIPXWXDOZLQGLQJ VXUIDFHV FDQ EH GHWHUPLQHG SDUDPHWULF HTXDWLRQV =3$ZRUP IODQN =3$ IODQN
ZRUPV =3$ LV UHSUHVHQWHG E\ D KHOLFDO VXUIDFH QRQUXOHG 3RLQW RI FRQWDFW EHWZHHQ D VSKHUH DQG WKH KHOLFDO IODQN FDQ EH
GHWHUPLQHGE\QXPHULFDOLWHUDWLRQVEDVHGRQDSUHGHWHUPLQHGFDOFXODWLRQHUURU7KHVHLWHUDWLRQVDUHEDVHGRQ$XWR/,63SURJUDP
GHYHORSHGE\WKHDXWKRUVZKLFKDOORZVYHULILFDWLRQRIWKHUHVXOWVLQ$XWR&$'JUDSKLFV%\UXQQLQJWKHDSSOLFDWLRQ$XWR/LVS;
QRPLQDOYDOXHVFDQEHGHWHUPLQHGZKLFKLVH[SHFWHGWDQJHQF\RIVSKHULFDOVW\OXVRID'&RRUGLQDWHPHDVXULQJPDFKLQHVDQG
IODQNRI=3$ZRUP%\FRPSDULQJWKH;PHDVXUHGYDOXHVZLWKQRPLQDOYDOXHH[HFXWLRQHUURUVRI=3$ZRUPFDQEHHYDOXDWHG
RQ FRRUGLQDWH PHDVXULQJ PDFKLQHV 7KH FRQWULEXWLRQV DUH QXPHULFDO FDOFXODWLRQ RI WKH WDQJHQF\ SRVLWLRQ GHWHUPLQDWLRQ RI D
VSKHUH DQG IODQNZRUP=3$ GHVLJQLQJ DQ$XWR/LVS SURJUDP IRU HYDOXDWLRQ WKH SRVLWLRQ WDQJHQF\ RI FUHDWLRQ DQ HYDOXDWLRQ
PHWKRGRIH[HFXWHGSURILOHGHYLDWLRQVFRPSDUHGWRWKHQRPLQDOSURILOHRIWKHZRUP=3$
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV=3$ZRUP'FRRUGLQDWHPHDVXULQJKHOLFDOVXUIDFHPHDVXUHPHQWVSKHULFDOVW\OXV


&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVVRULQDOEX#LQJXSPUR
© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
21 Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
,QWURGXFWLRQ
7KHSXUSRVH RI WKLV SDSHU LV WR FRQWURO RI KHOLFDO VXUIDFHV RI WKH IODQNV=3$ZRUPV XVLQJ VSKHULFDO VW\OXV RI
UDGLXVURQDFRRUGLQDWHPHDVXULQJPDFKLQH
,W LV NQRZQ WKDW KHOLFDO VXUIDFHV RI WKH ZRUP IODQNV FDQ EH RI WZR W\SHV UXOHG DQG QRQUXOHG ,Q WKH FDVH RI
ZRUPVZLWKUXOHGVXUIDFHVWKHJHQHUDWRURIWKHKHOLFDOFXUYHLVDVWUDLJKWOLQHWKHUHVXOWLQJVXUIDFHLVDUXOHGKHOLFDO
VXUIDFHDQG WKHFXUYHJHQHUDWRURIVXUIDFHVQRQUXOHG LVDYHU\ZHOOGHILQHGFXUYHV$FFRUGLQJ WR67$6
ZRUPVZLWK UXOHGKHOLFDO VXUIDFH LV W\SH=$=(DQG=1 DQGZLWKQRQUXOHG VXUIDFH LV W\SH=.>@ >@ >@
>@
6WXGLHGZRUPLQ WKHSDSHU LVF\OLQGULFDOQRQUXOHGPDFKLQHGRQ&1&ZLWKHQGPLOOVSRVLWLRQHG LQFOLQHGDWDQ
DQJOHFORVHWRWKHDQJOHRIWKHSUHVVXUHZRUP>@DQGPRYHGHFFHQWULFWRD[LVRIV\PPHWU\RIWKHZRUP>@>@VR
WKDWZRUNHG SURILOH WR EH YHU\ FORVH WR WKHZRUP W\SH =$=3$ IODQNZRUPV LV UHSUHVHQWHG E\ D KHOLFDO VXUIDFH
QRQUXOHG&KHFNLQJSURILOHZRUPUHVXOWFDQPDNHVZLWKFRRUGLQDWHPHDVXULQJPDFKLQHV)LJD8VHGPHDVXULQJ
VW\OXVFDQEHLQWKHIRUPRIDVSKHUH)LJEZLWKWKHUDGLXVURUPD\KDYHRWKHUVKDSHV,QWKLVSDSHULWGHWHUPLQHV
SRLQWRIWDQJHQF\EHWZHHQDVSKHUHDQGWKHKHOLFDOVXUIDFHRIDZRUPW\SH=3$
&RQWURORIWKHZRUPIODQNLVPDGHLQD[LDOSODQH;<VWXGLHGEXWFRQWDFWEHWZHHQVW\OXVDQGDKHOLFDOVXUIDFHLV
QRWLQWKLVSODQEXWLQDSODQHSDUDOOHOWRWKH;<EXWORFDWHGLQWKHQHJDWLYH=D[LV
,WUHTXLUHVNQRZOHGJHRIGHYLDWLRQLQWURGXFHGEHFDXVHRIFRQWDFWEHWZHHQWKHVW\OXVDQGWKHKHOLFDOVXUIDFHDUHD
WR FRUUHFWO\ SRVLWLRQ WKH SURGXFHG ZRUP LQ D SUHFLVLRQ FODVV 7KHUH DUH VWXGLHV RQ HUURU FRUUHFWLRQ RI VXUIDFH
PHDVXUHPHQWKHOLFDORQFRRUGLQDWHPHDVXULQJPDFKLQHVZLWKRXWVSHFLDOGHYLFHV>@>@>@>@

1RPHQFODWXUH
YĮ VSKHUHSDUDPHWHUV
U VSKHUHUDGLXV
W SODQSDUDPHWHU
ĳ SDUDPHWHUIDPLO\RIVXUIDFHV
UV UDGLXVHQGPLOOV
Ȗ LQFOLQDWLRQRIHQGPLOOV
Xȟ JHQHUDWLQJWRROVXUIDFHSDUDPHWHUV
K KHOLFDOSDUDPHWHU
UL WKHUDGLXVRIWKHF\OLQGHURQZKLFKLVZRXQGWKHKHOLFDOVXUIDFH
H HFFHQWULFLW\
  
D E
)LJD&RRUGLQDWHPHDVXULQJPDFKLQHE6SKHULFDOVW\OXV>@
22   Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
'HWHUPLQDWLRQWKHSRLQWRIWDQJHQF\EHWZHHQDKHOLFDOVXUIDFHDQGDVSKHUH
7KHPHWKRGXVHGWRREWDLQWKHSRLQWRIFRQWDFWEHWZHHQWKHKHOLFDOVXUIDFHRIWKH=3$ZRUPDQGDVSKHUHRIWKH
UDGLXVULV
D:HSODFH WKHVW\OXVZLWK WKHRULJLQDWDSRLQW3[\DQGZHEORFN WKHPRYHPHQWRQ WKH<D[LV7R WKLV
SRVLWLRQZHGHWHUPLQH
)RUXDQGĳSDUDPHWHUVRIKHOLFDOVXUIDFHZRUPV WKHFRRUGLQDWHRQD[LV<RIDSRLQWRQ WKHVXUIDFHE\
ZKLFKSRLQWZHZLOOFRQVLGHUSDVVLQJDSODQHSDUDOOHOWRWKH;=SODQH
 ,QWHUVHFWLRQSRLQWV RI D SODQH DQG VSKHUHRI UDGLXV U WKH LQWHUVHFWLRQEHWZHHQ WKH WZR VXUIDFHVEHLQJ D
FLUFOH&
7KHLQWHUVHFWLRQRIKHOLFDOVXUIDFHDQGSDUDOOHOSODQHWR;=ZKLFKLVDFXUYH&
,IWKHVPDOOHVWGLVWDQFHGPLQEHWZHHQWKHFHQWHURIWKHFLUFOH&WRDSRLQW3ZDONLQJWRWKHFXUYH&LV
LQDQDFFHSWDEOHVPDOOUDQJHUFSOPWKHQZHKROGWKHSRLQW3FRQVLGHUHG
E ,I GPLQ LV QRW LQ DFFHSWDEOH UDQJH WKHQ ZHPRYH WKH VW\OXV RQ WKH ; D[LV LQWR D QHZ SRVLWLRQ DQG UHVXPHV
FDOFXODWLRQVIURPWKHSRLQWD
'HWHUPLQDWLRQRIWKHVSKHUHSDUDPHWULFHTXDWLRQV
'HWHUPLQDWLRQSDUDPHWULFHTXDWLRQVRI WKHVSKHUH LQ6FRRUGLQDWHV\VWHPDVVRFLDWHGZRUPLVXVLQJFRRUGLQDWH
WUDQVIRUPDWLRQV)LUVWRIDOOHTXDWLRQVDUHZULWWHQLQWKHFRRUGLQDWHV\VWHP6ZLWKWKHRULJLQORFDWHGDWWKHFHQWHURI
WKHVSKHUH)LJD

3DUDPHWULFHTXDWLRQVRIWKHVSKHUHZULWWHQLQ6V\VWHPDUH
°¯
°®
­
 
 
 
YU]
YU\
YU[
FRV
FRVVLQ
VLQVLQ



D
D
  
7RZULWH HTXDWLRQV VSKHUH LQ FRRUGLQDWH V\VWHP6RI WKHZRUP)LJ EZHXVH FRRUGLQDWH WUDQVIRUPDWLRQV
&RRUGLQDWHWUDQVIRUPDWLRQZULWWHQLQV\PEROLFPDWUL[IRUPLV



 U0U    
:ULWWHQLQWKHH[WHQGHGIRUPFRRUGLQDWHWUDQVIRUPDWLRQLV
 
D E
)LJD6SKHUHSRVLWLRQHGLQ6V\VWHPE:RUPV\VWHP6
23 Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
»»
»»
¼
º
««
««
¬
ª



»»
»»
¼
º
««
««
¬
ª
 
»»
»»
¼
º
««
««
¬
ª

FRV
FRVVLQ
VLQVLQ








YU
YU
YU
\
[
]
\
[
V
V
D
D
  
$IWHUZHPDNH WKHFDOFXODWLRQVDUHREWDLQHGHTXDWLRQVRI WKH VSKHUH LQFRRUGLQDWH V\VWHPRI WKHZRUPZKLFK
ZULWWHQLQSDUDPHWULFIRUPDUHSUHVHQWHGLQWKHUHODWLRQVKLS
°¯
°®
­
 
 
 
YU]
\YU\
[YU[
V
V
FRV
FRVVLQ
VLQVLQ



D
D
  
'HWHUPLQDWLRQRIWKHFRQWDFWSRLQWVEHWZHHQWKHSODQSDUDOOHOWRWKH;=DQGWKHVSKHUH
:H FRQVLGHU D VSKHUH RI UDGLXV U LQ FRRUGLQDWH V\VWHP 6 DQG D SODQH SDUDOOHO WR WKH SODQH;= ORFDWHG DW D
GLVWDQFHWIURPWKHD[LV;DVVKRZQLQ)LJ3DUDPHWULFHTXDWLRQRIWKHSODQLVZULWWHQLQ6V\VWHP
W\     
,QWHUVHFWLRQRISODQHDQGVSKHUHLVDFLUFOHZKRVHHTXDWLRQVDUHREWDLQHGE\UHSODFLQJWKHUHODWLRQVKLSLQ
)URPWKLVQHZUHODWLRQVKLSLVREWDLQHGY IĮYSDUDPHWHURIWKHFLUFOHGHSHQGLQJRQWKHRWKHUSDUDPHWHUĮ

DFRVDUFVLQ 
 U
\WY V   
$QG IRU WR KDYH FRQWDFW WKH FRQGLWLRQ ZKLFK PXVW WR EH VDWLVILHG LV UHODWLRQ  GXH WR WKH IDFW WKDW WKH VLQ
IXQFWLRQLVGHILQHGLQWRWKHUDQJH>@

FRV d
d DU
\W V   

)LJ&RQWDFWEHWZHHQDSODQHSDUDOOHOZLWK;=DQGDVSKHUH
24   Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
3DUDPHWULFHTXDWLRQVRIWKHLQWHUVHFWLRQUHVXOWLQJE\UHSODFLQJHTXDWLRQLQDQGDUHRIWKHIRUP
°°
°
¯
°°
°
®
­
¹¸
·
©¨
§

r 
 
 




FRV
VLQFRV
D
DD
U
\WU]
W\
[\W[
V
V
V
  
'HWHUPLQDWLRQRISRLQWVFRQWDFWEHWZHHQWKHKHOLFDOVXUIDFHDQGDSODQ
:HFRQVLGHUKHOLFDOVXUIDFHRIWKHOHIWIODQN)LJRIWKHZRUPGHWHUPLQHGLQ>@>@3DUDPHWULFHTXDWLRQVRIWKH
OHIWIODQNRIJHQHUDWHGZRUPZHUHGHWHUPLQHGEDVHGRQWKHVXUIDFHVPXWXDOZLQGLQJPHWKRG>@DQGDUH
°°¯
°°®
­
 
 
 
VLQFRVVLQFRVFRVVLQ
VLQVLQVLQFRVFRVFRV
VLQFRVFRV


HVUVUXHLU]
HVUVUXHLU\
KXVU[
[MJ[JM
[MJ[JM
MJ[J
 
:KHUHUV PPȖ UL PPH PP
J
JJ[
FRV
FRVVLQ
XHLU
KHDUFWJ

   
7RREWDLQWKHHTXDWLRQVRIWKHFXUYHUHSUHVHQWLQJWKHFRQWDFWEHWZHHQWKHSODQHSDUDOOHOWRWKH;=ORFDWHGDWD
GLVWDQFHWIURPWKHD[LV;UHSODFLQJUHODWLRQLQREWDLQRQHSDUDPHWHUXEDVHGRQWKHRWKHUSDUDPHWHUX I
ĳUHODWLRQVKLSDQGWKHFRQWDFWFXUYHHTXDWLRQ

)LJ*HQHUDWHGVXUIDFHRIWKHZRUPIODQN>@
25 Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
   
JM
J[M[M
FRVFRV
VLQFRVFRVVLQVLQ 

 HUUHUWX LVV  
°°¯
°°®
­
 
 
 
VLQFRVVLQFRVFRVVLQ

VLQFRVFRV


HVUVUXHLU]
W\
KXVU[
[MJ[JM
MJ[J
 
,QHTXDWLRQ ZHKDYHH[SUHVVHG WKHSDUDPHWHUXDFFRUGLQJ WR WKHȟZKLFK LVD IXQFWLRQRI WKHSDUDPHWHUX


   XIX [M   
:HKDYHDQRQOLQHDUHTXDWLRQDQGWKHYDOXHRIXLVGHWHUPLQHGE\QXPHULFDOPHWKRG
*LYLQJDYDOXHRIXLQWKHUDQJH>@PPDQGSDUDPHWHUĳYDOXHVVXFFHVVLYHLQUDQJH>ʌ@DQGVXEVWLWXWLQJLQ
UHODWLRQ  ZH GHWHUPLQH VXFFHVVLYHO\ YDOXHV RI W  )RU HDFK YDOXH RI W REWDLQHG ZH JLYH YDOXHV RI ĳ DJDLQ
GHWHUPLQH WKH YDOXH RI X ZLWK UHODWLRQ  DQG UHSODFHLQJ WKHVH SDUDPHWHUV LQ  FDQ EH GHWHUPLQHG DQG
UHSUHVHQWHGFXUYHFRQWDFWEHWZHHQWKHKHOLFDOVXUIDFHDQGWKHSDUDOOHOSODQZLWK;=SODQH
'HWHUPLQLQJWKHGLVWDQFHEHWZHHQWKHFHQWHUFLUFOHDQGWKHFXUYHREWDLQHG
,Q )LJ ZH UHSUHVHQWHG D IODQN RI =3$ ZRUP D SDUDOOHO SODQH >3O@ ZLWK WKH ;= SODQH DQG D VSKHUH 3ODQ
LQWHUVHFWKHOLFDOVXUIDFHDIWHUDFXUYH&UHSUHVHQWHGE\WKHUHGFRORU WKHVSKHUHKDVEHHQVHFWLRQHGDQGWKHWRS
ZDVUHPRYHGWREHWWHUREVHUYHWKHFXUYH&UHVSHFWLYHO\WKHSRLQWRIFRQWDFWEHWZHHQWKHWZRFXUYHV,WLVNQRZQ
FLUFOHFHQWHUSRVLWLRQ2[R\R]RKLVUDGLXVQRWHGZLWKUFSODQGFRRUGLQDWHVRIWKHSRLQW3ZKRVWUROOLQJRQFXUYH
&7KHGLVWDQFHEHWZHHQSRLQW3DQG2LV
      323232 ]]\\[[G   

)LJ'LVWDQFHEHWZHHQWKHFHQWHUFLUFOHDQGWKHFXUYHREWDLQHG
26   Sorin Cristian Albu and Alexandru Pozdîrcă /  Procedia Technology  22 ( 2016 )  20 – 27 
:HUHWDLQ WKHPLQLPXPGLVWDQFHGPLQEHWZHHQ WKH WZRSRLQWV ,I WKHGLIIHUHQFHEHWZHHQ WKHPLQLPXPGLVWDQFH
DQGUDGLXV&LVFRQWDLQHGLQDQDFFHSWDEOHUDQJHVPDOOHQRXJKȝPWKHQWKHSRLQW3[S\S]SFRUUHVSRQGLQJ
WR WKHPLQLPXPGLVWDQFH LV WKHSRLQWRI WDQJHQF\EHWZHHQ WKHFXUYH&DQG&7KHSRLQWRI WDQJHQF\RI WKH
FXUYHDOVRUHSUHVHQWVWKHSRLQWRIFRQWDFWEHWZHHQWKHVW\OXVDQGKHOLFDOVXUIDFH

3URJUDPGHVLJQHGWRFDOFXODWHWKHWDQJHQWSRLQWEHWZHHQVSKHUHDQGKHOLFDOVXUIDFH
3URJUDPGHVLJQHGWRJLYHSRLQWVRIFRQWDFWEHWZHHQWKHVW\OXVZLWKVSKHULFDO WRSDQGWKHKHOLFDOVXUIDFHRIWKH
ZRUPIODQNLVGHVLJQHGLQ$XWR/LVSDQGWKHUHSUHVHQWDWLRQVDUHPDGHLQ$XWR&$'
$VLQSXWZHQHHGE\WKHPHDVXUHGFRRUGLQDWHRIWKHVW\OXVLQD[LDOSODQHZLWKWKHFRRUGLQDWHPHDVXULQJPDFKLQH
WKHUDGLXVRIWKHVSKHUHDQGWKHGDWDRIWKHZRUPVXUIDFH:RUPSRVLWLRQRQWKHFRRUGLQDWHPHDVXULQJPDFKLQHPXVW
EHLGHQWLFDOWRWKHSRVLWLRQRIJHQHUDWHGZRUP7KHSURJUDPZLOOUHWXUQWKHILUVWSRLQWRIWDQJHQF\PHWUHVSHFWLYHO\
WKH FRRUGLQDWHV RI WKH FHQWHU VSKHUH ZKLFK ZH KDYH WDQJHQF\ QRPLQDO SRLQW RI FRQWDFW EHWZHHQ WKH VW\OXV DQG
KHOLFDOVXUIDFHZKLFKFDQWKHQEHXVHGWRFRUUHFWPHDVXUHPHQWHUURUV
7R FRQWURO GHYLDWLRQV LQ D[LDO SODQH UHVXOWLQJ IURP WKH SURFHVVLQJ IODQN RI WKH ZRUP ZH FRPSDUH QRPLQDO
FRRUGLQDWHREWDLQHGXVLQJWKHSURJUDPZLWKWKHPHDVXUHGFRRUGLQDWHRIWKHVW\OXV
:H LQWURGXFH LQ WKH GHVLJQHG SURJUDP FRRUGLQDWHV UHVXOW IURP WKHPHDVXUHPHQW RI WKH SRLQW WKDW ZHZDQW WR
FRQWUROZHUXQWKHSURJUDPGHVLJQHGDQGZHJHWWKHFRRUGLQDWHVRIWKHQRPLQDOYDOXHRILQWHUVHFWLRQRIWKHKHOLFDO
VXUIDFHDQGVW\OXVUHVSHFWLYHO\FRRUGLQDWHVRIWKHFHQWHURIWKHVSKHUH)LJZKHUH
7KHILUVWYDOXHUHSUHVHQWVWKHSRVLWLRQRIWKHRULJLQVW\OXVRQWKHD[LV2;>PP@
7KHVHFRQGYDOXHLVWKHFRRUGLQDWHVRIWKHFHQWHUFLUFOH&>PP@
7KHWKLUGYDOXHLVWKHUDGLXVRIWKHFLUFOH&>PP@
 IROORZV WKH WDQJHQW SRLQW FRRUGLQDWHV >PP@ WKH SDUDPHWHU W WKH HUURU ZLWK WKDW ZDV REWDLQHG WKH UHVXOW
SDUDPHWHUVX>PP@DQGĳ>UDG@EHORQJLQJWKHKHOLFDOVXUIDFH
7KH UHVXOW FDQEH VHHQ LQ)LJ ZKHUH FXUYHV & & DQG WKHZRUP IODQN VXUIDFH=3$KDVEHHQ UHSUHVHQWHG
WKURXJKSRLQWV



)LJ7KHUHWXUQHGUHVXOWE\WKHSURJUDP
 
D E   
)LJD7KHVSKHUHUHSUHVHQWHGLQWKHWDQJHQF\SRVLWLRQE'HWDLORIWKHVSKHUHVHHQIURPDQRWKHUDQJOH
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&RQFOXVLRQV
,QWKHFDVHRIFRRUGLQDWHFRUUHFWLRQRIWKHPHDVXULQJSRLQWZLWKFRRUGLQDWHPHDVXULQJPDFKLQHXVLQJDVSKHULFDO
VW\OXVFDQEHFRQFOXGHGWKDW
0HDVXUHPHQWFDQEHGRQHZLWKJHQHUDOFRRUGLQDWHPHDVXULQJPDFKLQHXVLQJDVSKHULFDOVW\OXV
7KHFRQWDFWEHWZHHQWKHVW\OXVDQGWKHKHOLFDOVXUIDFHLVQRWDWWKHLQWHUVHFWLRQRIWKHVSKHUHZLWKWKH;<SODQH
VR WKDW DW WKH ZRUP IODQN PHDVXUHPHQW VKRXOG EH FRPSDUHG LQ WKH D[LDO SODQH WKHRUHWLFDO SRVLWLRQ RI WKH VW\OXV
FRQVLGHULQJWKHSRLQWRIFRQWDFWDQGVW\OXVSRVLWLRQUHWXUQHGIURPWKHFRRUGLQDWHPHDVXULQJPDFKLQH
7KHSRLQWRIFRQWDFWEHWZHHQ WKHVW\OXVDQG WKHKHOLFDO VXUIDFHRI WKHZRUPFDQEHREWDLQHGE\HYDOXDWLQJ WKH
GLVWDQFH EHWZHHQ WKH FHQWHU FLUFOH GHWHUPLQHG IURP WKH SRLQWV RI LQWHUVHFWLRQ RI WKH VSKHUH ZLWK WKH SODQH DQG
UHVXOWLQJFXUYHRILQWHUVHFWLRQFRQVLGHUHGWKHVDPHSODQZLWKKHOLFDOVXUIDFHRIWKHZRUP
7KH FRQWULEXWLRQV DUH QXPHULFDO FDOFXODWLRQ RI WKH WDQJHQF\ SRVLWLRQ EHWZHHQ D VSKHUH DQG IODQNZRUP =3$
GHVLJQLQJDQ$XWR/,63SURJUDPIRUDVVHVVLQJWKHSRVLWLRQRIWDQJHQF\FUHDWLRQDQHYDOXDWLRQPHWKRGRIGHYLDWLRQV
EHWZHHQH[HFXWHGSURILOHDQGWKHQRPLQDOSURILOHRIWKHZRUP=3$
$FNQRZOHGJHPHQWV
7KLVZRUNZDVGRQHZLWKWKHVXSSRUWRIWKHFRPSDQ\&,(0DWULFRQZKLFKSURYLGHGVXSSRUWWRWKHPHDVXUHPHQWV
RQFRRUGLQDWHPHDVXULQJPDFKLQHXVLQJDVSKHULFDOVW\OXV
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